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I. INTRODUCTION 
S o i l  ecology e x p e r i m e n t s  s tudying t h e  growth responses  
of microorganisms i n  d i f f e r e n t  s o i l s  w e r e  completed. 
i n i t i a l  s t u d i e s  dealt  wi th  the f a c t o r s  r e l a t e d  t o  the prob-  
a b i l i t y  of s u r v i v a l  and growth of an  organism i n  s o i l  which, 
i n  t u r n ,  i s  related t o  t h e  p r o b a b i l i t y  of e x t r a t e r r e s t r i a l  
contaminat ion.  B a c i l l u s  cereus ,  L a c t o b a c i l l u s  plantarum, 
Pseudomonas aeruqinosa ,  P u t r e f a c t i v e  Anaerobe (PA 3679) , 
Staphylococcus aureus ,  and Streptomyces a lbus  w e r e  i nocu la t ed  
i n t o  brunizemic (pra i r ie ) ,  desertic,  and podzo l i c  (tree) s o i l s .  
A d d i t i o n a l  f a c t o r s  s tud ied  w e r e  a v a i l a b l e  mois ture  ( w a t e r  a v a i l -  
a b i l i t y ,  a ) and a cons t an t  o r  d a i l y  f l u c t u a t i n g  freeze- thaw 
incuba t ion  temperature.  
The 
W 
The d a i l y  f reeze- thaw (DFT) c y c l e s  e l i c i t e d  f o u r  g e n e r a l  
t y p e s  of growth response f r o m  the bacteria: (1) Enhanced 
g r o w t h  o r  s u r v i v a l  w i t h  DFT cyc le s :  ( 2 )  No enhancement of 
growth or  s u r v i v a l  w i t h  DFT c y c l e s ;  
by DFT c y c l e s ,  and (4 )  A suppress ion  of  growth w i t h  DFT c y c l e s .  
(3)  A growth l a g  produced 
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The s o i l  t y p e s  provided s u b s t r a t e s  w i t h  d i f f e r e n t  p H ' s ,  
o r g a n i c  c o n t e n t ,  s o l u b l e  c a t i o n s ,  and c l a y  con ten t .  The 
podzolic s o i l  had a p H  of 5.7, 1.15% organ ic  carbon,  a c a t i o n  
exchange c a p a c i t y  (CEC) of 10.30 me/100 g of s o i l ,  and 13.5% 
c l a y .  The brunizemic so i l  had a p H  of 6.8, 3.73% organ ic  
carbon, a CEC o f  23.81 me/100 g of s o i l ,  and 27.6% c l a y .  
The d e s e r t  s o i l  had  a p H  of 8.4,  0.27% organ ic  carbon,  a 
CEC of  27.24 me/100 g of s o i l ,  and 48.8% clay. 
The brunizemic s o i l  provided the best s u b s t r a t e  f o r  
growth and s u r v i v a l  i n  t he  t es t  environments of the selected 
bacter ia l  species. B. cereus, plantarum, P2 aeruqinosa , '  
- S. au reus ,  and & a l b u s  grew i n  the brunizemic s o i l ;  
- L. plantarum, & aureus ,  and S, a l b u s  grew i n  the podzo l i c  
s o i l ,  w h i l e  B. c e r e u s ,  PA 3679, and S, a l b u s  w e r e  the on ly  
organisms t o  s u r v i v e  i n  the  desert so i l .  
J 
Popu la t ion  m a x i m a  from growth i n  brunizemic and podzo l i c  
s o i l s  w e r e  3 t o  6 logs higher than  i n i t i a l  numbers of  viable 
ce l l s  w h i c h  
of  s o i l  w a s  
t e s t e d .  
w e r e  as low as  1 O O / g  of s o i l .  The 100 c e l l s / g  
n o t  a l i m i t i n g  v a l u e  b u t  the l o w e s t  c o n c e n t r a t i o n  
I1 . EXPERIMENTAL PROCEDURES 
Stock c u l t u r e  p r e p a r a t i o n  of & c e r e u s ,  P. ae ruq inosa ,  
PA 3679, and & aureus  were d e s c r i b e d  i n  Report N o .  IITRI- 
L6023-5; & plantarum i n  Report N o .  IITRI-L6023-6; and S, a l b u s  
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i n  Report N o .  IITRI-L6023-7. A l l  stock c u l t u r e  c e l l  sus -  
pens ions  w e r e  s t o r e d  a t  4OC u n t i l  used. B. c e r e u s  and 
PA 3679 spore suspens ions  were heat-shocked a t  8OoC f o r  
10  min j u s t  before use.  
All t ubes  con ta ined  1 g of p r e v i o u s l y  s t e r i l i zed  so i l ,  
s u f f i c i e n t  w a t e r  t o  establish the d e s i r e d  aw, and an  Earth 
atmosphere a t  s t a n d a r d  p r e s s u r e  (approximately 1013 m b )  . 
The tubes  w e r e  i n o c u l a t e d  w i t h  a s i n g l e  s p e c i e s  of organism 
a t  predetermined c e l l  popu la t ions  and sealed. Half the 
t u b e s  w e r e  incubated  a t  35OC, and h a l f  received a d i u r n a l  
freeze-thaw c y c l e  w i t h  an 8-hr freeze. Tubes w e r e  sampled 
immediately and a t  7 ,  2 8 ,  and 56 days. 
Bacterial coun t s  are reported as  averaged coun t s  of t w o  
p la tes  from each of three tubes .  Incuba t ion  w a s  a t  35, 30, 
o r  25OC f o r  1 t o  5 days ,  depending on the bacterial  species. 
The minimum a requirements  of the d i f f e r e n t  organisms 
W 
w e r e  e s t a b l i s h e d  w i t h  the method of  S c o t t  (1953. A u s t r a l .  J. 
B i o l .  Sc i .  6 ,  549-64) using a mix tu re  of t r i p l e  s a l t s ,  NaC1:KCl :  
Na2S04, i n  a m o l a l  r a t i o  of 5:3:2 w i t h  trypticase soy broth 
( B B L ) .  Table 1 shows the d i f f e r e n t  molal  c o n c e n t r a t i o n s  of 
the t r i p l e  sa l t s  used and the r e s u l t a n t  aw l e v e l s .  
Table 1 
MOLAL CONCENTRATIONS OF SALTS REQUIRED 
TO ADJUST TRYPTICASE SOY BROTH (BBL) 
TO VARIOUS VALUES OF aw AT 25OC 
F i n a l  
a i n  
Medium 
0.99 
0.96 
0.94 
0.92 
0.90 
0.88 
0.86 
W NaC 1 
(m)  
- 
0.5805 
0.869 
1.149 
1.418 
1.663 
1.921 
KC 1 
(m) 
- 
0.3483 
0.521 
0.690 
0.851 
0.998 
1.153 
N a 2 S 0 4  
0
- 
0.2322 
0.348 
0.460 
0.567 
0.665 
0.768 
111. RESULTS AND DISCUSSION 
A. S o i l  Characterist ics 
The chemical and p h y s i c a l  properties of the three so i l s  
used i n  t h i s  s tudy  are given i n  Table 2. 
Exchangeable c a t i o n s  were determined by r e a c t i n g  soil 
w i t h  ammonium acetate,  leaching  w i t h  about  200 m l  1 HC1,  
and determining amount of ammonium n i t r o g e n  released by 
Kje ldah l  method. The Walkley-Black Method w a s  used t o  de- 
termine o rgan ic  carbon. 
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Table 2 
CHEMICAL AND PHYSICAL PROPERTIES OF DESERT, 
BRUNIZEMIC, AND PODZOLIC SOILS 
E n t i s o l  (desert) Mol l i so l  (b run izemic )  Alf is01 ( p o d z o l i c )  C l a s s  i f i ca  ti on 
C o l l e c t i o n  si tes R i v e r s i d e  County, Kane County,  111. Kane County,  111. 
C a l i f o r n i a  
E l e v a t i o n ,  f t .  
above sealevel 1 45 68 0 930 
Good Good . Good Dra inage  
Exchanqeable  c a t i o n s ,  
69.88 
1.30 
0.15 
106.25 
16.06 
6.24 
1 .05  
0.08 
5.40 
2.47 
0.13 
0.05 N a  
C a t i o n  exchanae 27.24 23.81 10.30 
c a p a c i t y ,  me/i00 g 
of s o i l  
S o l u b l e  s a l t  
c o n d u c t i v i t y ,  
100.0 1 . 3  0.7 
P mmhols'cm Base s a t u r a t i o n ,  % 651.9 98.4 
6.8 
3.73 
78.4 
5.7 
1 .15  
p H ,  1:l r a t i o  1 8.4 
0.27 Organ ic  c a r b o n ,  % 
M o i s t u r e ,  % 1 1 /3  a t m  ( F i e l d  C a p . )  34.47 
17 .89  
25.59 
15 .68  
16.91 
6.57 1 5  atm (Perm. W i l t )  
P a r t i c l e  s i z e  
d i s t r i b u t i o n .  % 
Sand (2-.0iO mm) 35.6 
S i l t  ( .  0 5 0 - - 0 0 2  mm) 15.6 
4 8 . 8  
17.7 14 .6  
54.7 71.5 
27.6 13 .5  
T e x t u r a l  c l a s s i f i c a t i o n  Clay S i l t  l o a m  S i  1 t loam c 
5 
Water s o r p t i o n  isotherms f o r  t h e  t h r e e  soil t y p e s  are 
Each da ta  p o i n t  on a c u r v e  r e p r e s e n t s  g iven  i n  F igure  1. 
an average of 6% mois tu re  and 11 % determina t ions .  
shown tha t  less w a t e r  w a s  r equ i r ed  t o  establish a p a r t i c u l a r  
a v a l u e  w i t h  the podzo l i c  s o i l  than  w i t h  either the brunizemic 
o r  desert so i l s .  This  s a m e  fac t  i s  apparent  from the f i e l d  
c a p a c i t y  (FC) and permanent w i l t  (PW) mois tu re  pe rcen tages  
i n  Table 2 which s h o w s  the podzo l i c  so i l  having a l o w e r  FC 
and P W  p e r c e n t  t h a n  the o t h e r  two so i l s .  A s o i l ' s  a b i l i t y  
t o  b ind  w a t e r  e f f e c t i v e l y  i s  dependent upon s e v e r a l  f a c t o r s :  
i o n i c  c o n c e n t r a t i o n ,  organic  c o n t e n t ,  s t r u c t u r e ,  and, as w i t h  
the desert so i l ,  c l a y  conten t .  
I t  w a s  
W 
Extrapolation of data from t h e  isotherms f o r  the brunizemic 
and podzo l i c  s o i l s  i n d i c a t e d  tha t  t h e  maximum amount of w a t e r  
added produced  at^ v a l u e s  i n  the 0.98 t o  0.99 range. 
4 . ~  v a l u e s  w e r e  n o t  reached w i t h  the desert s o i l  a n d  w a s  the 
r e s u l t  of  the h igh  c l a y  con ten t  and c a t i o n  concen t r a t ion .  
S i m i l a r  
B. Minimum aw Requirements 
~ 
The minimum a requirements  of the d i f f e r e n t  organisms are 
W 
shown i n  Table 3 .  
Minimum 4 . ~  requi rements  f o r  & a l b u s  w e r e  determined w i t h  
the concen t r a t ed  medium method (Scott ,  J. W. 1953, A u s t r a l .  J. 
B i o l .  Sc i .  5, 549-564) and  a 0.96 aw w a s  selected. 
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FIG. I WATER SORPTION ISOTHERMS OF DESERTIC, 
BRUNIZEMIC, AND PODZOLIC SOILS.  
Table 3 
M I N I M U M  4.J REQUIREMENTS OF SELECTED BACTERIAL SPECIES 
BY ?HE TRIPLE SALTS METHOD 
a 
W 
-99 & .88 -Orqanism 
B. c e r e u s  la 1 1 2b - - - 
PA 3679 1 7b 28  - - - - 
- L. plantarum 2 7b - - - 
P. ae ruq inosa  1 3b - - - - - 
- S. au reus  1 2 2 2 3 14b - 
- 
% e s i g n a t e s  days of incuba t ion  a f t e r  w h i c h  v i s i b l e  growth 
bMinimum 4.5 s e l e c t e d  f o r  these s t u d i e s .  
w a s  p r e s e n t  i n  t e s t  t u b e s .  
C .  G r o w t h  Response of B a c t e r i a  i n  Brunizemic Soi l  
The growth responses  of s i x  microorganisms i n  brunizemic 
s o i l  are shown i n  F igu res  2-7. 
1. Maximum aw 
The d a i l y  f reeze- thaw (DFT) c y c l e  produced f o u r  g e n e r a l  
t y p e s  of growth response  wi th  the bacteria s tud ied :  
(1) 
( 2 )  N o  enhancement of growth o r  s u r v i v a l  f r o m  
The DFT enhanced growth o r  s u r v i v a l .  
the DFT c y c l e .  
( 3 )  The DFT cycle produced a growth l a g .  
( 4 )  The DFT suppressed growth. 
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Enhanced growth and s u r v i v a l  w i t h  a DFT c y c l e  occurred  
a t  the maximum aw concen t r a t ion  w i t h  & aureus  and & plantarum, 
F igu res  2 and 3 .  S, aureus  growth w a s  m o r e  r a p i d  and h i g h e r  
p o p u l a t i o n  m a x i m a  w e r e  reached w i t h  a DFT c y c l e  than  w i t h  con- 
s t a n t  t empera ture  ( C T ) ,  Figure 2. This  may be caused by a 
g r e a t e r  a v a i l a b i l i t y  of n u t r i e n t s  s i n c e  f r e e z i n g  of s o i l  does 
i n c r e a s e  the c o n c e n t r a t i o n  of w a t e r  extractable amino a c i d s  and 
s u g a r s  ( Iva r son ,  K. C. and F. J. Sowden, 1966. Can. J. S o i l  Sc i .  
- 46, 115-120; Iva r son ,  K. C. and U. C. Gupta, 1967. Can. J. S o i l  
Sei. - 47, 74-75). G r o w t h  of L. - plantarum w i t h  bo th  C T  and DFT 
c y c l e  w a s  s i m i l a r ,  F igu re  3 .  The series a t  C T  had a fas ter  d i e -  
o f f  t han  the DFT c y c l e  s e r i e s .  
P. - aeruqinosa  and & ce reus  growth responses  w e r e  the s a m e  
w i t h  both tempera ture  cond i t ions  w i t h  one ou t s t and ing  excep t ion ,  
F igu res  4 and 5 -  W i t h  a DFT c y c l e  P. ae ruq inosa  established it- 
self  w i t h  an inoculum of approximately 5 x l o 2  c e l l s / g  of so i l  
b u t  w a s  n o t  e s t a b l i s h e d  wi th  an  inoculum of approximately 10 
c e l l s / g ,  F igu re  4.  
_. 
2 
The growth of - S. a l b u s  was better w i t h  C T  t h a n  DFT c y c l e ,  
F igu re  6. The DFT c y c l e  l i m i t e d  p o p u l a t i o n  m a x i m a  2 t o  3 l o g s  
l o w e r  t han  t h e  C T  series and cou ld ,  i n  par t ,  be r e l a t e d  t o  the 
growth k i n e t i c s  of t h i s  organism. That i s ,  the g e n e r a t i o n  t i m e  
of S. a l b u s  may approach the d u r a t i o n  t i m e  of  the t h a w  p o r t i o n  
of the DFT c y c l e  o r  the death ra te  approximates t h e  g e n e r a t i o n  
t i m e .  B o t h  f a c t o r s  cou ld  produce a s t a t i o n a r y  popu la t ion .  
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PA 3679 did  n o t  grow and there w e r e  no  s u r v i v o r s  a f t e r  
56 days,  F igure  7. The presence  of oxygen w a s  perhaps the 
major factor  f o r  lack of growth. The t u b e s  i n  these experi- 
ments w e r e  i n t e n t i o n a l l y  not  f l u s h e d  w i t h  n i t rogen/carbon 
dioxide g a s  mixture  t o  determine whether o r  n o t  t h e  so i l  
would p rov ide  p r o t e c t i o n .  
2. Minimum 4 . ~  
The minimum 4 . ~  l e v e l s  g e n e r a l l y  l i m i t e d  p o p u l a t i o n  m a x i m a  
1 t o  3 logs l o w e r  t han  maximum aw fo r  the d i f f e r e n t  bacterial 
species. The s a m e  g e n e r a l  types  of growth responses  p r e s e n t  
w i t h  m a x i m u m  aw w e r e  a l s o  no t i ced  w i t h  minimum awls. 
c y c l e  enhanced the growth and s u r v i v a l  of both & aureus  and 
- L. plantarum, F igu res  2 and 3;  delayed  the growth of PL ae ruq inosa  
and  B. c e r e u s ,  F igu res  4 and 5;  and suppressed  the growth of 
- S. a l b u s ,  F igu re  6. 
The DFT 
I n  the DFT cycle series there w a s  an  e f f e c t  of inoculum 
c o n c e n t r a t i o n  on growth of & a l b u s ,  F igu re  6. The viable 
c e l l  count  i n c r e a s e d  over  56 days  w i t h  an inoculum of 10 
c e l l s / g  of s o i l  b u t  decreased w i t h  i n o c u l a  of lo3 and 1 0  
c e l l s / g  of s o i l .  
5 
4 
PA 3679 showed a p r o g r e s s i v e  decrease i n  viable ce l l  coun t  
o v e r  the 56 day period because of aerobic c o n d i t i o n s ,  F igu re  7. 
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Do ___1- Growth Response of Bac te r i a  i n  Podzol ic  Soi l  
F igures  8 t o  13  show the  growth responses  of t h e s e  same 
organisms t o  podzol ic  s o i l .  I n  g e n e r a l ,  the growth responses  
of t h e  organisms w e r e  1 log o r  more lower i n  podzol ic  so i l  than  
i n  brunizemic s o i l .  There a r e  s e v e r a l  reasons f o r  th is  lowered 
response: 
(1) L o w e r  c a t i o n  exchange c a p a c i t y  (CEC) of 
podzol ic  s o i l  - 
( 2 )  Lower pH of podzol ic  s o i l .  
(3 )  Lower o rgan ic  con ten t  of podzol ic  s o i l .  
The CEC of podzol ic  soil w a s  10.30 me/100 g of s o i l  compared 
t o  2 3 - 8 1  me/100 g f o r  brunizemic s o i l .  S t u d i e s  wi th  s o i l  con- 
t a i n i n g  c l a y  have shown a d i r e c t  r e l a t i o n s h i p  be tween  growth of 
v a r i o u s  s o i l  microorganisms and t h e  CEC of t h e  s o i l  (S to tzky ,  
G =  and L. T, Rem,  1966, Can. J. Microbiol .  l2, 547-563; Stotzky,  
G , ,  1966. Can. J. Microbiol.  l2, 831-848; and Sto tzky ,  G . :  1966, 
Can. J. Microbiol .  l.2, 1235-1246). Inc reased  CEC of s o i l  en- 
hanced bu f fe r ing  c a p a c i t y  and al lowed be t te r  growth of pH sen- 
s i t i v e  microorganisms. 
The low pH of 5.7 of the podzo l i c  s o i l  compared t o  6.8 of t h e  
brunizemic s o i l  a l s o  e f f e c t e d  growth of b a c t e r i a .  Although t h e r e  
are numerous examples of microorganisms t o l e r a t i n g  h i g h  ( b a s i c )  
o r  l o w  ( a c i d )  pH extremes, a pH range  from 6.0 t o  7.5 could  be 
cons idered  a s  opt imal .  Substrates wi th  pH's  o u t s i d e  t h i s  r ange  
g e n e r a l l y  i n h i b i t  o r  l i m i t  b a c t e r i a l  growth. 
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The t h i r d ,  and equa l ly  impor tan t ,  f a c t o r  l i m i t i n g  b a c t e r i a l  
growth i n  t h e  podzol ic  s o i l  w a s  t h e  l o w  o rgan ic  c o n t e n t  of 1.15% 
compared t o  3.73% f o r  the b run izemic  s o i l .  
The s a m e  type growth responses  r epor t ed  f o r  t h e  brunizemic 
s o i l  w e r e  a l s o  no t i ced  w i t h  t h e  podzo l i c  soil. 
1. Maximum 4 . ~  
Enhanced growth and s u r v i v a l  of & plantarum and S. aureus 
occurred  wi th  a DFT c y c l e ,  Figures 8 and 9. The DFT c y c l e  de- 
l ayed  and suppressed g r o w t h  of - s. a l b u s ,  F igure  10 and B, ce reus  
d i d  n o t  grow, Figure 11. 
P. - aeruqinosa and PA 3679 d i d  n o t  su rv ive  i n  t h e  podzol ic  
s o i l  a f t e r  56 days wi th  a DFT c y c l e ,  F igures  1 2  and 13. The 
e f f e c t  of inoculum concen t r a t ion ,  s i m i l a r  t o  brunizemic s o i l ,  
occur red  wi th  PL aeruqinosa i n  t h e  podzol ic  s o i l ,  Figure 1 2 .  
Inoculum of approximately 5 x l o 2  c e l l s / g  of s o i l  w e r e  n o t  su f -  
f i c i e n t  f o r  t h e  orgafiism t o  e s t a b l i s h  i t s e l f  w i t h  a DFT cyc le :  
and l o 3 ,  b u t  no t  lo2, cel ls /g  w e r e  r equ i r ed  f o r  growth i n  t h e  
CT series. 
The growth 
recovered from 
2. Minimum aw 
response of PA 3679 w a s  poor.  N o  s u r v i v o r s  w e r e  
e i t h e r  the C T  o r  DFT c y c l e  series a f t e r  56 days.  
The DFT c y c l e  enhanced growth and s u r v i v a l  of & plantarum, 
F igure  8 ,  a l though popula t ion  m a x i m a  w e r e  1 t o  1.5 l o g s  lower 
than  wi th  maximum aw. W i t h  minimum aw growth of & plantarum 
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occurred  a t  t h e  5 x l o 2  and 5 x l o 3  c e l l s / g  inoculum l e v e l  b u t  
n o t  w i th  5 x 1 0  c e l l s / g .  4, 
- B ,  c e reus  and PA 3679 gene ra l ly  remained s t a t i o n a r y  regard- 
less of inoculum concen t r a t ions  o r  temperature  c o n d i t i o n s ,  F igures  
11 and 13. 
w i t h  inocula  as h igh  as  l o 4  c e l l s / g  of s o i l ,  F igures  9 and 1 2 .  
- S. a l b u s  growth response w a s  n o t  determined a t  t h e  minimun 
S. aureus  and P. - aeruqinosa  d i d  n o t  su rv ive  56 days 
a l e v e l  because of t h e  decrease i n  v i a b i l i t y  of the s t o c k  c u l -  
t u r e  and t h e  d i f f i c u l t y  wi th  spo re  product ion  i n  v a r i o u s  media. 
W 
E. Growth Response of Bac te r i a  i n  D e s e r t  S o i l  
Growth responses  of the organisms i n  d e s e r t  s o i l  are shown 
i n  F igures  14-19. This soi l  had a very h igh  c l a y  c o n t e n t  (48.8%) 
and w i t h  t h e  concen t r a t ion  of t h e  exchangeable c a t i o n  sodium 
(106.25 me/100 g of s o i l )  and s o l u b l e  s a l t  conduc t iv i ty  (100 
m m h o l s / c m )  w a s  c l a s s i f i e d  as a saline-alkali  type  s o i l .  The 
p H  w a s  8.4 and t h e  o rgan ic  con ten t  0.27%. Because of t h e s e  
f a c t o r s  t h e  s o i l  served a s  a very  poor  s u b s t r a t e  f o r  mic rob ia l  
growth o r  s u r v i v a l .  
This group of experiments  w e r e  only p a r t i a l l y  s u c c e s s f u l  
because maximum aw l e v e l s  of 0.98 o r  0.99 could  no t  be achieved. 
The h i g h  c l a y  and s a l t  con ten t s  e f f e c t i v e l y  bound w a t e r  so t h a t  
t h e  maximum aw w a s  0.92, a va lue  below minimum requirement  f o r  
PA 3679, plantarum, p. aeruqinosa,  and S. a lbus .  
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- B. ce reus  and PA 3679 survived 56 days i n  desert s o i l  re- 
g a r d l e s s  of t h e  environmental  cond i t ions .  The s u r v i v a l  of t h e s e  
organisms was probably more t h e  r e s u l t  of the spores  no t  germi-  
na t ing  than  any o t h e r  f a c t o r ,  F igures  14 and 15. 
- S. a l b u s  inocu la  of 5 x lo4 and 5 x l o 5  c e l l s / g  of s o i l  s u r -  
v ived  56 days wi th  a D F T  cyc le  b u t  no t  w i t h  t h e  CT,  Figure 16. 
Inoculum of 5 x 10  c e l l s / g  d i d  n o t  su rv ive  e i ther  temperature  
cond i t ion .  
3 
- L. plantarum, S. aureus ,  and p. aeruqinosa d id  no t  su rv ive  
i n  t h e  desert s o i l  wi th  inoculum l e v e l s  f r o m  5 x lo4 t o  5 x 10 5 
c e l l s / g  of s o i l ,  F igures  1 7  t o  19. 
F. Overa l l  Growth Responses  of B a c t e r i a  i n  the Three S o i l s  
Table 4 summarizes growth responses  of t h e  d i f f e r e n t  bac- 
t e r i a  i n  t h e  t h r e e  types  of so i l .  The brunizemic s o i l  w a s  t h e  
best s u b s t r a t e  fo r  growth and s u r v i v a l  of t h e  selected bacterial  
spec ie s .  
s o i l  a t  a l i  aw l e v e l s  and temperature  cond i t ions .  
d ied  o f f  completely i n  t h i s  so i l  t han  i n  e i ther  t h e  desertic o r  
podzo l i c  s o i l s .  
A greater nunber of s p e c i e s  w e r e  able t o  grow in t h i s  
F e w e r  s p e c i e s  
The s p e c i e s  best able t o  grow i n  the podzol ic  s o i l  w e r e  
- L. plantarum, S. aureus ,  and & a l b u s  b u t  growth occurred only  
a t  maximum aw wi th  both C T  and DFT cyc le .  
The desertic s o i l  w a s  t h e  p o o r e s t  s u b s t r a t e .  Only B, c e r e u s  
and PA 3679 surv ived  and w a s  thought  t o  be from t h e  spores  n o t  
germinat ing i n  t h e  environment. 
I I T  R E S E A R C H  I N S T I T U T E  
26 
MAXIMUM MOISTURE, a, 0.92 
- 
MINIMUM MOISTURE, a 0.91 
W 
CONSTANT TEMPERATURE 
DIURNAL FREEZE -THAW CYCLE 
n 
0 7 28 56 0 7 2856 0 7 2856 
EXPOSURE TIME, DAYS 
FIG. 14 RELATIONSHIP O F  MOISTURE TEMPERATURE, AND 
INITIAL C E L L  NUMBERS OF B A C I L L U S  CEREUS 
IN D E S E R T I C  SOIL.  
27 
MAXIMUM MOISTURE, 7
U 
3 MINIMUM MOISTURE, a 
L L  8 
0.92 
a W  
- 0.92 
CONSTANT TEMPERATURE 
DIURNAL FREEZE-  THAW CYCLE t 0 a C r 6  
0 7 2856 0 7 28 56 0 7 2856 
EXPOSURE TIME, DAYS 
FIG. 15 RELATIONSHIP OF MOISTURE, TEMPERATURE, AND 
INITIAL C E L L  NUMBERS OF PUTREFACTIVE 
ANAEROBE 3679 IN D E S E R T I C  S O I L .  
8 
6 
4 
2 
MINIMUM MOISTURE, a 0.92 
W 
CON S TA N T T E M PER ATU RE 
DIURNAL FREEZE THAW CYCLE - NO VIABLE C E L L S  D E T E C T E D  
0 7 28 56 0 
EXPOSURE 
7 2856 0 7 2856 
TIME, DAYS 
FIG. 16 RELATIONSHIP OF biOISTURE, TEMPERATURE, .ND 
INITIAL C E L L  NUMBERS OF STREPTOMYCES A L B U S  
IN D E S E R T I C  SOIL .  
29 
I 
8 
I 
I 
I 
I 
i 
I 
I 
I 
I 
I 
I 
1 
t 
I 
I 
8 
I 
MAXIMUM MOISTURE, a W  0.92 I 8l 6 
4 
2 
- MINIMUM MOISTURE,  a w  0.92 r 
6 8l 
4 1 
CONSTANT TEMPERATURE 
DIURNAL FREEZE -THAW CYCLE 
Y NO VIABLE CELLS DETECTED 
0 7 28 56 0 7 2856 0 7 2856 
EXPOSURE TIME, DAYS 
FIG. 17 RELATIONSHIP OF MOISTURE, TEMPERATURE, AND 
INIT IAL C E L L  NUMBERS OF LACTOBACILLUS 
P L A N T A R U M  I N  D E S E R T I C  S O I L .  
30 
(3 
0 
-I 
FIG. 18 
MAXIMUM MOISTURE, a w  0.92 
t 
4 
2 
MINIMUM MOISTURE, a W  0.87 - 
8 
6 1 1 CONSTANT TEMPERATURE Y NO VIABLE C E L L S  D E T E C T E D  DIURNAL FREEZE-THAW CYCLE 
4 
2 
0 7 2856  0 7  
EXPOSURE T 
28 56 0 7 28 56 
ME, DAYS 
RELATIONSHIP OF MOISTURE TEMPERATURE, AND 
INITIAL CELL NUMBERS O F  STAPHYLOCOCCUS 
AUREUS IN DESERTIC S O I L .  
31 
8 
6 
4 
2 
8 
6 
4 
2 
MAXIMUM MOISTURE, a, 0.92 
t 
E 
MINIMUM MOISTURE, a,,, 0.92 L- 
C 0 N S TA NT T EM P E R ATU RE 
DIURNAL FREEZE - THAW CYCLE 
0 NO VIABLE C E L L S  DETECTED 
0 7 2856 0 7 2856 0 7 2856 
EXPOSURE TIME, DAYS 
FIG. 19 RELATIONSHIP OF MOISTURE, TEMPERATURE, AND 
INITIAL C E L L  NUMBERS O F  PSEUDOMONAS 
AERUGINOSA IN DESERTIC SOIL. 
32 
I 
0 0 0  
0 0 0  
3 I 
* * *  
I l l  
l i i  
+ + +  
' 3 0 0  
I I 0  
' 3 ' 3 0  
I I O  
+ + +  
+ + +  
+ + +  
+ + +  
* 
i l l  
* * *  
I l l  
0 0 0  
+ O O  
I l l  
c o o  
I l l  
* *  
1 I O  
I I O  
1 
I I O  
0 
+ 
* 
I 
0 
* 
I 
* 
I 
* 
I 
* 
I 
+ 
+ 
* 
I 
0 
I +  
+ +  
* c  
i i  
+ +  
* *  
I I  
* *  
i I  
* *  
I I  
* *  
I I  
+ +  
+ +  
F *  
I I  
+ t  
* * *  
I l l  
* * *  
I l l  
* * *  
i i i  
* *  
+ I I  
* * *  
I l l  
* * *  
I l l  
* * *  
I l l  
* * *  
I l l  
+ + +  
+ + +  I 
+ + +  
+ + +  
c 
I 
+ 
* 
+ 
* 
I 
* 
I 
* 
I 
* 
I 
+ 
+ 
I 
+ 
* *  
I I  
+ +  
*: *; 
t f  
* *  
I I  
* *  
I I  
* *  
I I  
* *  
I I  
+ I  
+ +  
% 
I 1  
+ +  
t 
+ 
* 
I 
c 
I 
+ 
0 
+ 
+ 
+ 
+ 
c 
I 
* 
I 
I 
+ 
+ 
t 
+ 
+ 
* 
I 
* 
I 
* 
I 
+ 
+ 
+ 
W m N  
0 0 0  
r l d r l  
9 m h l  
0 0 0  
d r l d  
m - r m  
0 0 0  
d a d  
m * m  
r l d d  0 0 0  
dl 
33  
m'l m'I 
Io ar 
0 
U 
ffl 
Io 
9 
c 
4 
F 
Ll 
Io 
3 
rl 
a 
Io 
rl 
r l .  
v u  
ar9 
4 0  
ai VI 
e m u  
r l r l  
> m  
4 
c u  
r l r l  
C 
cud 
0 c o  m u  
sa 
: 6  
O h  
a 
u u  
urn 
r lu a c  e 3  
d o  
U 
0 
h 
T l m  
C T l  
c m  
'9  
'"1 
aJ 
IOL 
izld 
ar 
L l a r  
urn 
a r m  va, 
fflu w a r  u a  
U L l  
4 0  
V 
car 
dffl 
m 
I a r  
- u  
m e  
ffl4 
m 
ara 
L l F i  u o  
c w  
d l  
m 
Io 
u 
m c  u o  
rl 
'U a 
ea ,  
r i m  
m 
a m  
Io 
4 u 
01 
f 
0 
4J 
a 
a a 
5 
C 
l3 
U 
0 
L- 
?) 
rl 
U 
.rl 
4J 
m a 
m 
L- 
W 
4J 
0) 
E 
Ll 
3 
.d 
% 
L- 
L- 
a, u 
m 
3 
E 
E 
rl 
Io 
4 u 
aJ 
5 
0 
u 
a 
Tl a 
El 
.d 
c 
c1 
0 
$4 
m 
4 
u 
5 
-rl 
4J 
m a 
m 
L- 
w 
u 
C 
6 
5 
-4 
Ll 
L- m u 
m 
3 
E 
E 
.rl 
c 
2 
0) * 
ffl 
6 a 
ID 
In 
W 
0 
a 
C 
(u 
F 
CI 
u 
m 
'0 
a, 
0) > 
ar 
a 
4 
ar 
3 
Io 
rl 
rl 
a 
a, 
u 
" 
2 
-rl 
> 
0 
$2 
u 
m 
c 
4J 
m 
a, 
-4 
4 
.4 
c 
5- 
-rl 
m 
Table 5 q u a n t i t a t e s  t h e  growth responses  of  t h e  bacteria i n  
the d i f f e r e n t  s o i l s  w i t h  the d i f f e r e n t  tempera tures  and aw con- 
d i  t i o n s  = 
- B. c e r e u s  had the best growth response  i n  brunizemic s o i l  
2 of the organisms s t u d i e d .  Inocula  of 1 0  c e l l s / g  of s o i l  w e r e  
s u f f i c i e n t  f o r  t h i s  organism t o  establish i t se l f  w i t h  d i f f e r e n t  
tempera tures  and a cond i t ions .  PA 3679 responded the poorest. 
Inocu la  of  10 c e l l s / g  w e r e  s u f f i c i e n t  on ly  f o r  s u r v i v a l  of t h i s  
organism. 
W 
4. 
._ L. plantarum had the best growth response i n  t h e  podzo l i c  
s o i l  of  t h e  organisms s tud ied .  
w e r e  s u f f i c i e n t  f o r  growth of t h i s  organism w i t h  maximum and 
minimum a levels i n  C T  and minimum a leve l  i n  DFT. 
Inoculum of l o 2  c e l l s / g  of s o i l  
W W 
P. - aeruqinosa  growth response  i n  p o d z o l i c  s o i l  w a s  poorest 
Inoculum of l o 5  c e l l s / g  d i d  n o t  s u r v i v e  of a l l  the organisms. 
minimum a 
s u r v i v e  maximum aw w i t h  DFT cyc le .  H o w e v e r ,  the organism d i d  
grow w i t h  maximum a 
levels w i t h  C T  o r  DFT c y c l e ,  and l o 2  c e l l s / g  d i d  n o t  
W 
and C T  w i t h  l o 3  c e l l s / g  of s o i l  inoculum. 
W 
I n  g e n e r a l ,  p o p u l a t i o n  maxima of the organisms tha t  grew i n  
the brunizemic and podzo l i c  s o i l s  w e r e  3 t o  6 logs h i g h e r  than  
i n i t i a l  c e l l  coun t s  which w e r e  as  l o w  as l o 2  t o  10  3 c e l l s / g  of 
s o i l .  I n  t e r m s  of a b i l i t y  t o  e s t a b l i s h  an  e c o l o g i c a l  n i che  as  
a f u n c t i o n  of amount of inoculum, moi s tu re  c o n c e n t r a t i o n ,  s o i l  
t ype ,  and tempera ture  c o n d i t i o n  L. plantarum w a s  the best fol- 
lowed by - S. a l b u s ,  S. aureus ,  & c e r e u s ,  p. ae ruq inosa ,  and 
PA 3679. 
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IV. SUMMARY 
plantarum w a s  m o s t  able t o  establish an  e c o l o g i c a l  n i che  
w i t h  the exper imenta l  c o n d i t i o n s  s t u d i e d  followed by S. a l b u s ,  
- S. au reus ,  & c e r e u s ,  p. a e r u q i n w ,  and PA 3679. 
2 The l o w e s t  inoculum t e s t e d ,  10 c e l l s / g  of s o i l ,  of B. c e r e u s ,  
L, plantarum, p. aeruqinosa ,  and & a l b u s  i n c r e a s e d  3 t o  6 logs :  
and the l o w e s t  number of & aureus  t e s t e d ,  7 x 10 c e l l s / g ,  i n -  
creased 4 l ogs .  
2 
The d a i l y  freeze-thaw c y c l e s  enhanced t h e  growth and s u r v i v a l  
of S. aureus  and & plantarum i n  the brunizemic and podzolic s o i l s l  
The growth responses  of organisms t h a t  g r e w  i n  the podzo l i c  
s o i l  w e r e  about  1 l o g  l o w e r  than the i r  growth i n  brunizemic s o i l .  
- B. c e r e u s ,  PA 3679, and ,& a l b u s  w e r e  t h e  on ly  bacteria tha t  
su rv ived  56 days i n  the deser t .  The poor response  of bacteria 
i n  t h i s  s o i l  w a s  caused by the a l k a l i n e  pH, low organ ic  c o n t e n t ,  
h igh  c a t i o n  c a p a c i t y ,  and h i g h  c l a y  con ten t .  
There w e r e  many i n s t a n c e s  of an organism su rv iv ing  and growing 
i n  the t e s t  environment a t  the l o w e s t  c e l l  inoculum used. Ex- 
per imen t s  are i n  p r o g r e s s  t o  determine t h e  l o w e s t  inoculum per- 
m i t t i n g  s u r v i v a l  o r  s u r v i v a l  and growth of a v a r i e t y  of m i c r o -  
organisms. O t h e r  tes t  environments are being considered.  
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